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An Inhibitor Produced by 
Diplodia zeae (Schw.) Lev. 
By G. C. KElNT 
AGRICULTURAL EXPERIMENT STATION 
IOWA STATE COLLEGE OF AGRICULTURE AND 
MECHANIC ARTS 
BOTANY AND PLANT PATHOLOGY SECTION 
AMES, IOWA 
SUMMARY 
Evidence has been presented indicating that Diplodia zeae in 
its normal growth produced an endocellular substance inhibitive 
to its own growth. This substance reduced by two-thirds the 
growth of Diplodia zeae on agar to which it had been added. 
Germination of spores of Diplodia zeae was greatly reduced. 
The inhibitive action was not destroyed by correction of hy-
drogen-ion concentration or sugar concentration in the solution 
of the inhibitor. 
The inhibitor retained its action after moderate dilution with 
distilled water and after boiling or autoclaving at 15 pounds 
pressure for 1 hour, 
The action of the inhibitor was retained after acid and alkaline 
hydrolysis and after oxidation with potassium permanganate and 
hydrogen peroxide. 
The inhibitor was non-volatile, was not extracted with ether, 
chloroform or acetone, and only partially extracted with 80-
percent ethyl alcohol. . 
The tests indicate that the inhibitor is a complex substance 
which is liberated from the mycelium after 5 to 11 weeks in arti-
ficial culture and is present in infected portions of the host plant. 
An Inhibitor Produced by Diplodia 
zeae (Schw.) Lev.1 
By G. C. KENT' 
Toxic substances of various types are known to be elaborated 
by plant pathogens in their hosts and in culture. It is well 
known that some of' these subtances, for example ergotoxin, gen-
erated by plant pathogens, are lethal to animals. On the other 
hand the cases in which plant pathogens develop toxic or inhibi-
tory substances poisonous to themselves are not so well estab-
lished. It is of this last group of substances that this bulletin 
treats. 
In many of the studies of the toxic relations of plant pathogens, 
the experiments have been such that they failed to show the act-
" ual existence of substances which inhibit the growth of the patho-
gens themselves. While the effects of various organisms upon 
each other, described as antagonisms, may be caused by toxic 
materials formed by the organisms, this phenomenon of antagon-
ism is not considered here except where comparison with the 
nature and properties of the inhibiting substance is possible. 
The studies of antagonism have been concerned with the action 
) of the toxins of one organism on a second, and, therefore, are 
more properly considered under a discussion of parasitism. The 
heat-stable toxic substances formed by species of Penicillium in 
the investigations of Fleming (10) and Reid (22) were observed 
to markedly depress the growth of numerous species of bacteria. 
Likewise it is believed that the Inclusion of self-inhibiting tox-
ins or inhibitors and of staling products within the same grouping 
is inadvisable. In a large number of investigations the inhibition 
of growth was caused by the so-called staling of the culture med-
ium. The staling was attributed to the unequal absorption of 
1 Taken from a thesis submitted to the faculty ot the Graduate College, 
Iowa State College, In partial fulfillment of the requirements for the degree, 
Doctor of Philosophy. Project 93 of the Iowa Agricultural . Experiment Sta-
tion, Ames, Iowa, in cooperation with the Bureau of Plant Industry. U. 
S . D . A. 
2 The author wishes to express his sincere appreciation to Dr. I . E. Melhu8, 
Iowa State College, for suggesting the problem and for his stimulative coun-
sel during the study and preparation of the manuscript. The author also 
wishes to thank Dr. W. E. Loomis, Iowa State College, for his many helpful 
suggestions. 
656 
ions from the cultural substrate [Boyle (4), Brown (5, 6) , 
Butkewitsch (7), Harley (11), Nikitinsky (19 ), Pratt (20, 21), 
Schober (23) and Wehmer (24)], or to the interaction of the 
carbon dioxide and ammonia produced by the fungus with the 
medium [Boyle (4), Brown (5,6), Pratt (20,21)]. However, 
inhibitors were indicated by Harley (11) who found that Scler-
otinia scleroti01·U1n produced acidity in the substrate by the ex-
cretion of metabolic products, and Boyle (4) found a heat-stable, \ t 
non-specific toxin, which was precipitated and partially inacti-
vated by alcohol. 
The work on the true inhibitors produced by plant parasites 
with a known inhibitive effect on their own growth has been 
slight. Besides the above cited examples, there is Carter's work 
(8, 9), which was not sufficiently detailed to place it definitely in 
this category, while Arnaudi's work (2) merely mentioned the 
inhibitive effect of an ether extract of Thielaviopsis basicola on 
its own growth. In a preliminary paper, McNew (15 ) reported 
that the activity of the mycelium within Diplodia-infected corn 
seed could be inhibited by a thermostable, non-volatile "auto-
toxin, " contained in the culture medium or in the extract of the 
mycelium of old cultures of Diplodia zeae. This substance was 
more effective in protecting corn at 16° than at 26° C. In later, 
unpublished work (16), McNew found evidence which indicated 
that the substance was insoluble in ether and was active in agar 
culture where it appeared to be non-specific. 
The present work was undertaken to investigate the conditions 
of formation of the inhibitor by Diplodia zeae and the properties 
of the inhibiting substance as compared with similar known 
properties of staled media. 
METHODS 
A virulent culture of Diplodj·a zeae was inoculated into a mod-
ified Czapek's cultural solution containing 0.5 g. magnesium 
sulphate, 0.5 g. potassium chloride, 1.0 g. potassium dihydrogen 
phosphate, 2.0 g. sodium nitrate, 0.01 g. ferric chlol'ide and 30.0 
g. of sugar in 1 liter of distilled water. The sugars employed 
were dextrose, lactose and sucrose. No difference was noticed in 
the toxicity produced when the different sugars were used, and 
all results reported were obtained from solutions containing dex-
trose. 
To obtain the inhibiting solution the mycelium was filtered 
from a culture such as the above. This filtrate was further pur-
ified by filtering through a Berkefeld N filter and stored at 2° 
to 5° C. until used. The mycelium was removed from the filter 
paper, ground 20 minutes in a mortar and extracted with dis-
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tilled water of one-half the volume of the original culture medi-
um for 5 hours. The extract was obtained by filtering the 
ground mycelium through filter paper and a Berkefeld N fil-
ter. The term inhibitor was retained to refer to the substance 
which produced the inhibitive effect, and is, so far as could bp. 
detected, the same in filtrate and the extract. 
Previous to determining the inhibitive effect on the mycelial 
growth or spore germination of Diplodia zeae of any extract or 
filtrate used to test for a particular property of the inhibitor, 
the extract or filtrate was concentrated to its original volume by 
evaporating in a vacuum oven at a temperature of 55° to 60° C. 
'rwenty cc. of the test material was made sterile by filtering 
through a Chamberland-Pasteur L3 candle which had been steri-
lized by autoclaving the complete filtering apparatus at 15 
pounds pressure for 1 hour. 
The sterile solution was added to 60 cc. of previously melted, 
cooled potato-dextrose-agar or Czapek's solution plus 2 percent 
agar made with three-fourths the usual amount of water; seven 
plates were poured, allowed to solidify and inoculated. Inocula-
tion was made with ' thoroughly infected wheat kernels to give 
a more or less standard-sized inoculum. Within any single test 
the wheat kernel inocula were all obtained from the same flask. 
The inoculated plates were incubated at a temperature aver-
aging 16° C. and varying between 15° and 17° C. Readings 
were made at intervals when the colonies had reached a conven-
ient size. As a rule two separate readings were taken 48 hours 
apart on each set of plates. The area, in square inches, of each 
colony was measured by a planimeter. All results reported were 
obtained by averaging at least six plates so measured. All 
measurements within tests reported were made at as nearly the 
same time as feasible. In the tables the amount of inhibition 
is reported on a percentage basis, obtained by dividing the area 
of growth in the test material by that of the appropriate check. 
Tests for the inhibition of the germination of spores of Dip-
lodia zeae were run by obtaining a spore suspension from pycnid-
ia on infected cornstalks. One drop of spore suspension was 
added to two drops of test solution in the well of a ground glass 
slide, covered and incubated for 16 hours in a moist chamber. 
Readings were made on germinated and non-germinated spores 
at the end of this time. 
In all experiments a check was employed consisting of un in-
oculated medium treated in the same manner as the inoculated 
culture. Tests of hydrogen-ion concentrations were carried out 
with a La Motte comparator testing set, and all sugar tests 
were conducted according to the Munson-Walker-Bertrand 
method (13). 
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THE FORMATION OF THE INHIBITOR 
PRESENCE IN ARTIFICIAL CULTURE 
A culture of Diplodia zeae 150 days old was used to prepare 
the filtrate. The mycelium was leached for four successive per-
iods of 9 to 15 hours with 150 cc. of distilled water each period 
and the leachings used in the tests. These were labelled as 
leaching No.1, leaching No.2, etc. After leaching, the r:ycel-
ium was divided into two equal portions. One portion was 
placed in 75 cc. of water and autoclaved at 15 pounds presS\lre 
for 20 minutes, filtered and 20 cc. used for tests. This is re-
ferred to as extract A. The other mycelial portion was usM 
to prepare the extract, as described under "Meth ods." The 
cultural tests were all conducted with Czapek's aga r incubated 
at 25 0 C. The check was sterile distilled water except for the 
filtrate, in which case sterile medium of the same age was em-
ployed. 
Typical results are reported in table 1. The decrease in inhib-
ition of leachings 3 and 4 and the strong inhibition of the ex-
tract and extract A indicated that the mycelium must be com-
pletely disrupted to release all the inhibitor. In further tests 
it was decided, therefore, to obtain the extract by grinding 
the mycelium, washed free of adhering culture solution and ex-
tracting with distilled water. McNew' found, in limited experi-
ments, that the growth on the medium containing the filtrate was 
65 percent of that on the check medium, which agrees closely 
with the results reported in the table. 
The action of the filtrate from cultures of Diplodia zeae which 
were 200 or more days old was tested on five occasions on spore 
germination as described under "Methods." From data of the 
three tests reported in table 2 it may be seen that the filtrate 
definitely inhibited the germination of spores of Diplodia zeae. 
The extract also gave a definite inhibition. 
TABLE 1. THE COLONY GROWTH OF DIPLODIA ZEAE ON NUTRIENT AGAR 
CONTAINING FILTRATE, EXTRACT, EXTRACT A AND LEACHINGS 
NOS. 1-4 AS MEASURED IN SQUARE INCHES. 
Solution tested I Minimum Maximum I Average I Test+ check 
Sterile medium 3 .60 9 .36 7 .31 100 
Filtrate 3.17 6 .05 4 .62 63 
Sterile water 4 .01 10 .00 6 .08 100 
Leaching No. 1 2 . 14 5 .77 3 . 51 58 
Leaching No.2 1.46 2 .57 1.88 30 
Leaching No.3 0.90 3.93 2 .24 36 
Leaching No. 4 3.86 4 .93 4.46 73 
Extract 1.46 3 .04 2 .22 36 
Extract A 1 .80 3 .78 2 .60 42 
3 Priva te communication from Dr. G. L. McNew, The Rock efelle r Institute, 
Princeton, N. J . 
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TABLE 2. THE GERMINATION OF SPORES OF DIPLODIA ZEAE IN FILTRATE. 
EXTRACT AND STERILE MEDIA AT 28° C. 
Media I Time in bra. I No. spores I No. spores I Percent counted germinated germination 
Dextrose (2 %) 10.5 234 191 81.6 
Sterile medium 10 . 5 246 149 60.6 
Filtrate 10 . 5 1739 19 1.1 
Dextrose (2%) 24.0 284 244 85 . 9 
Sterile medium 24.0 287 248 86 . 4 
Filtrate 24.0 2070 48 2 . 3 
Sterile water 26.0 72 63 87.5 
Filtrate 26.0 118 27 22 . 9 
Extract 26 . 0 206 20 9 . 7 
THE APPEARANCE OF THE INHIBITOR IN CULTURE 
Attempts were made to follow the appearance of the inhibitor 
in the filtrate and the extract at weekly intervals after inocula-
tion into 150 cc. of Czapek's nutrient solution. Table 3 records l 
some of the results of two such attempts which were run for 
11 weeks and of a third series of tests run at intervals for nearly 
6 months. The results of these tests indicate that the inhibitor 
was very slow in appearing in either the filtrate or the extract. 
The inhibition obtained was variable or lacking in tests con-
ducted previous to 11 weeks following the inoculation' of the 
medium. 
Other tests conducted with smaller quantities of medium 
seemed to show a definite appearance of the inhibitor at 5-6 
weeks. This is attributed to the smaller amounts of nutrients 
available and hence the earlier death of the fungus. 
Tests on the pH of the filtrate and sugar consumption were 
carried out during the first two tests reported in table 3. The 
pH data indicated a gradual shift to an alkaline reaction. The 
data on the sugar consumed varied in much the same manner 
as that on the inhibition, but there was about two-fifths of the 
original amount of reducing material remaining in the filtrate 
after 11 weeks. 
The results agree with McNew's (16) findings in that the in-
hibitive action of the filtrate seems to be most noticeable after 
about 3 months. It is believed that the relation of the appear-
ance of the inhibitor in the filtrate points to its release by autoly-
sis of the mycelium and differentiates it from staling products 
which are produced after a few days of growth during which 
ionic interchange seems to play a large role in the formation 
of the toxic material (3, 4, 5, 6, 11, 18). 
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TABLE 3. THE GROWTH OF DIPLODIA ZEAE ON NUTRIENT AGAR 
CONTAINING THE FILTRATE, EXTRACT AND STERILE MEDIUM 
OBTAINED AT VARIOUS INTERVALS AFTER INOCULATION, 
AS MEASURED IN SQUARE INCHES OF COLONY AREA. 
Sterile Medium I Filtrate I Extract Test No. Age in days 
I I I Average Test+ I Average I Test+ Average Test+ area check area check area check 
1 14 6.02 100 3.59 59 3.11 51 
28 8.25 100 7.51 91 6.45 78 
42 4.84 100 1.06 22 3.21 66 
56 6.43 100 5.27 82 0.64 9 
70 5.76 100 1.39 24 2.29 40 
2 14 3.75 100 2.06 63 1.60 43 
28 4 . 39 100 4.13 94 2.66 61 
42 4.42 100 2.51 57 2.51 57 
56 4.45 100 3.38 75 3.45 77 
70 3.04 100 2 . 05 67 3.79 124 
3 14 4.06 100 6.44 159 3.12 77 
28 4.22 100 4.32 102 5.15 122 
42 4.00 100 1.31 32 0.97 24 
52 7 . 61 100 2 . 91 38 3 . 74 49 
118 7.19 100 3. 16 44 
171 2.30 100 0.73 33 
PRESENCE OF AN INHIBITOR IN HEAVILY INFESTED 
PLANT ORGANS 
The inhibition observed when using meal obtained from corn 
kernels infected with Diplodia zeae as test material was of the 
same order as that noted in the cultural tests. The more h eavily 
infected material gave a greater inhibition of growth. Naturally 
infected corn kernels which showed 2 degrees of infection were 
ground to pass a 100-mesh screen, the meal was mixed with dis-
tilled water, placed in petri dishes, autoclaved 1 hour at 15 
pounds pressure on 2 successive days, inoculated and incubated 
TABLE 4. COLONY GROWTH OF DIPLODIA ZEAE ON MEAL FROM INFJ~CTED 
KERNELS AND ON NUTRIENT AGAR CONTAINING EXTRACT OF MEAL 
OF THE INFECTED KERNELS, AS MEASURED IN SQUARE INCHES. 
No. of tes t 
2 
3 
4 
Source of meal 
Disease free 
Heavily infected 
Infected 
Disease free 
Heavily infected 
Infected 
Disease free 
Heavily infected 
Infected 
Disease free 
Heavily infected 
Infected 
Meal 
average 
9.49 
1.31 
5.50 
9.21 
0.98 
4.93 
9.10 
2.60 
4.83 
10.00 
1.15 
5.32 
Extract of meal 
average 
----:------------
5 . 52 
1.35 
3 . 80 
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Fig. 1. A . The growth of D 'iplodia zeae on meal of normal corn (left) 
and meal of corn heavily infected with Diplodia zeae (right). B. The growth 
of Diplodia z eae on meal of normal corn (left) and meal of corn heavily in-
fected with Diplodia zeae plus 1 gram of dextrose (right). 
at 25° C. The results of readings made when sufficient growth 
had occurred (see fig. lA ) are reported in table 4. The addition 
of dextrose at a proportion of 1 g. to 15 g. of meal from in-
fected kernels did not materially increase the growth (fig. IE ). 
An inhibition of fungus growth equal to that found on the 
meal was obtained when water extracts of the meal, 12-hour ex-
traction at the proportion of 3 cc. of distilled water to a gram 
of meal, were tested in agar cultures. The water extracts of 
healthy and infected meal showed no difference in hydrogen-ion 
concentration when tested colorimetrically. 
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f The germination of spores of Diplodia zeae was also inhibited 
by the water extract of the infected meal. The germination in 
water extract, prepared as above, averaged 2 percent, as com-
pared with 52 percent in sterile distilled water and 58 percent 
in 2-percent dextrose. 
In further tests employing meal prepared from ears 7 days 
after inoculation, the growth on infected meal amounted to 32 
to 45 percent of that on the check meal. The infected ears were 
inoculated at the tasseling stage by the cork borer method and 
when ground were showing evidence of drying and heavy infec-
tion extending from half to three-fourths of the length of the 
cob. The check meal was from non-inoculated ears of a similar 
age. However, the sap, expressed from infected ears 10 days af-
ter inoculation, when tested for the growth of the fungus allowed 
65 percent of the growth on the sap from un inoculated ears. 
The sap was employed with the addition of slightly more water 
than the meal, but dilution tests reported below would suggest 
that this had no effect on reducing the inhibition. 
PHYSICAL PROPERTIES OF THE INHIBITOR 
CONCENTRATION 
As the method used in testing for the inhibitor necessitated 
the dilution of the solution in the agar plates, the effect of dif-
ferent concentrations was important. Tests were conducted by 
making three successive five-fold dilutions, with distilled water, 
of the filtrate, which had been made up to the original volume 
of the solution and called the normal concentration, and by con-
centrating the filtrate in a vacuum oven to three and five times 
the normal concentration. The results of one of three dilution 
tests are shown in table 5. These results indicate a steady in-
crease in inhibition from 1/ 125 normal to three times normal con-
centration. The mycelial growth on agar plus 1/125 normal 
concentration of the filtrate was significantly different from 
mycelial growth on agar plus sterile medium in two of the three 
tests. The five-times-normal-strength solution showed much the 
same inhibition as the three-times-normal, since some growth al-
ways occurred. The retention of the inhibitive action on dilu-
tion has been found also in the lethal principle produced by 
Trichoderma lignor'um (1), while in the case of the staling prod-
uct formed by numerous saprophytic organisms (5, 12) the 
toxicity was removed by dilution. 
TEMPERATURE 
In preliminary tests on the presence of the inhibitor in the fil-
trate, it frequently occurred that only a slight reduction in 
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growth was obtained. ,Since the material was sterilized by auto-
claving, it was thought that the heating may have destroyed a 
portion of the inhibitor, as was suggested by Zeller and Schmitz 
in their work (27). This decrease on autoclaving may have been 
due to the action of heat on the inhibitor or a reaction of the 
inhibitor with the agar, as a precipitate was produced. 
TABLE 5. THE EFFECT OF CONCENTRATION AND DILUTION OF THE 
FILTRATE ON THE COLONY GROWTH OF DIPLODIA ZEAE AS 
MEASURED IN SQUARE INCHES. 
Solution tested Minimum I Maximum I Average I Test+ check 
Filtrate 0.32 1.66 1.00 
I 
19 
Filtrate 1-5 0.71 2 .93 1. 51 29 
Filtrate 1-25 1.12 2.91 2 .06 40 
Filtrate 1-125 1.26 4 .82 3 .27 64 
Sterile medium 1.96 10 .00 5 . 06 100 
Sterile medium 3 .67 8 .75 6.39 100 
Filtrate 1.32 3 . 58 2.29 36 
Filtrate x 3 0.34 0.62 0 .47 7 
Sterile medium 4 .03 10.00 8 . 36 100 
Filtrate 1.02 2 .79 1.89 23 
Filtrate x 5 0.50 0.76 0 . 59 7 
The decrease was tested by autoclaving the filtrate and the 
sterile medium with the agar, autoclaving separately and adding 
to cooled agar, and sterilizing by filtration before adding to the 
cooled agar. The data in table 6 from one of the two tests in-
dicate that some of the inhibitor was destroyed by autoclaving 
(1150 C.) for 15 minutes. From table 7 representing the data 
from two of three tests in which the material was boiled (98%0 
C.) for 1 hour before adding to the agar, it would seem that the 
destruction occurred between 98% 0 and 115 0 C. The boiled 
solutions were sterilized by filtration before being used in the 
tests. 
The experiments indicated that although there was a portion 
of the inhibitor which was destroyed by heat, it was necessary 
to apply pressure and raise the temperature above the boiling 
point of the solution in order to bring about the destruction. 
The nature of the destruction was not investigated further. The 
heat stability of the Diplodia inhibitor is similar to that found 
for many of the other toxic materials by Boyle (4), Pratt (20, 
21), Reid (22), etc. On the other hand, Allen and Haenseler 
(1 ), Kuster (12) and Lutz (14) have reported the elimination 
of the toxicity due to ammonia and certain o,ther substances by 
boiling. 
The tests on the volatile nature of the inhibitor may be con-
sidered as giving further indication of the action of temperature. 
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The volatility tests were conducted by direct distillation and by 
steam distillation. The results in table S indicate that the in-
hibitor was not volatile. The results of the third of the four tests 
are reported also as showing an apparent volatility when the 
frothing of the solution occurred and the temperature of the 
vapor was 103 0 C. The other tests agreed with the first test here 
reported. 
The steam distillation was carried out on solutions while in the 
acid, neutral and alkaline states. The residues and distillates 
were neutralized before tests for the presence of the inhibitor 
were conducted. As shown in fig. 2, the growth permitted by 
the residues obtained in the three tests amounted to less than 40 
percent of the growth permitted by the distillate which equalled 
that of the check. It was consid·ered, therefore, that the Diplodia. 
zeae inhibitor was non-volatile. 
SOLUBILITY 
The solubility tests mainly concerned the action of SO-percent 
ethyl alcohol on the dried filtrate. The filtrate was dried in a 
vacuum oven and then extracted for 16 to 24 hours with warm 
and cold SO-percent alcohol amounting to twice the original vol-
ume of the medium. The extract from five such extractions, after 
being dried to remove the alcohol and then dissolved in distilled 
TABLE 6. THE COLONY GROWTH OF DIPLODIA ZEAE AS MEASURED IN 
SQUARE INCHES AFTER AUTOCLAVING THE FILTRATE 
ALONE AND WITH AGAR. 
Treatment Material tested Minimum Maximum Average Test + 
check 
Autoclaved with agar Sterile medium 4 .89 9.16 6.21 100 
Filtrate 1.19 7 .70 5.32 65 
Autoclaved separately Sterile medium 6.80 10 . 00 8.73 100 
Filtrate 5.00 7.00 5.88 67 
Filtered Filtrate 2.20 5.77 3.15 36 
TABLE 7. THE GROWTH OF DIPLODIA ZEAE AFTER BOILING THE FILTRATE 
FOR 1 HOUR, AS MEASURED BY COLONY AREAS IN SQUARE INCHES. 
-
No. of Treatment Material tested Minimum Maximum Average I Test+ 
test check 
1 Unheated Sterile medium 0.94 8.46 3.63 100 
1 Unheated Filtrate 0.06 0.56 0 . 30 8 
1 Boiled Sterile medium 1.14 6 . 90 4.09 100 
1 Boiled Filtrate 0.20 0.89 0.48 11 
2 Unheated Sterile medium 4.64 6 .80 5 . 79 100 
2 Unheated Filtrate 0 . 78 2.08 1.45 25 
2 Boiled Sterile medium 5 . 50 6 . 60 5 . 99 100 
2 Boiled Filtrate 1.05 3 . 91 2.66 44 
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TABLE 8. THE SQUARE INCHES OF GROWTH OF DIPLODIA ZEAE ON AGAR 
CONTAINING THE DISTILLATE AND RESIDUE. 
Filtrate employed Minimum Maximum Average Test+ 
check 
--
Distillate No.1 6.29 10.00 7.87 100 
Residue No.1 0.22 0.72 0.35 4 
Distillate No.3 2.30 10.00 5.62 100 
Residue No.3 0.40 7.00 3.66 65 
water, gave a greater inhibition of growth than the residue sim-
ilarly treated. However, the residue as well as the alcohol ex-
tract gave inhibition. When such an alcohol extract and residue 
were added together and tested, or the alcohol extract not separ-
ated from the residue and tests were made, there was no decrease 
in inhibition. There seemed to be no destruction of the toxic sub-
stance by the SO-percent alcohol as found by Boyle (4 ) . 
Tests with 95-percent alcohol did, however, give a slight indi-
cation of destruction of the inhibitor. The inhibitor apparently 
was not soluble in the 95-percent alcohol in the two tests run. 
Similarly, tests conducted on the solubility of the dried inhibi-
tor in acetone and chloroform gave negative results . 
Attempts to extract the inhibitor from the normal liquid cul-
ture yielded negative results when ether, chloroform, amyl al-
cohol and carbon disulphide were used. Simple ether extraction 
Fig. 2. The growth of Diplodia zeae on nutrient agar to which had been 
added the distillate (left) a nd residue (right) obtained by s team distillation 
of the cultural so lution on which the organism had grown. 
666 
of the solution whether it was acid, alkaline or neutral in reac-
tion failed to remove any of the inhibitor. 
Boyle (4) reported a staling product which was precipitated 
and partially inactivated by ethyl alcohol. Pratt (20) found a 
staling product produced by a species of Fusarium which was 
soluble in ether, although Boyle also working on a species of Fu-
sarium reports the toxic material as insoluble in ether. The 
inhibitor active on the internal mycelium of Diplodia-infected 
corn was found to be insoluble in ether by McNew (16) . 
CHEMICAL TESTS ON THE INHIBITOR 
REPLACEMENT OF SUGAR AND CORRECTION OF HYDROGEN·ION 
CONCENTRATION 
Before positive evidence of the presence of an inhibitive sub-
stance in the solution could be established, it was necessary to 
determine that the action was not due to the depletion of the 
carbohydrate supply or to the change in the hydrogen-ion activ-
ity produced in the course of the mycelial growth. These tests 
were conducted as described under "Methods." The results 
shown in table 9 indicate that inhibition occurred after cor-
rection of sugar depletion and change in hydrogen-ion activity. 
The decrease in inhibition with hydrochloric acid was not in 
agreement with results when other acids were used. This and 
later tests indicated a reaction of the hydrochloric acid with the 
inhibitor which reduced the toxic nature of the latter. 
Tests conducted on the range of pH of potato-dextrose agar 
on which Diplodia zeae will grow indicated that with pH 3 and 
pH 9 there is never more than 10 percent reduction in area cov-
ered. Since this reduction was not significant and since the 
solutions used were always within the range of pH 4.2 to 7.8, it 
seemed doubtful that changes in hydrogen-ion activity could be 
responsible for the inhibition. 
The evidence that the inhibitory influence was retained after 
replacing the sugar and correcting the hydrogen-ion activity 
agrees with the reports of Boyle (4), McNew (16) and Reid (22) 
on materials of an inhibitory nature. On the contrary, the work 
on staling products which suggested that the toxicity was caused 
by bicarbonates (Pratt, 20, 21) and ammonia (Brown, 5), prob-
ably dealt with some hydrogen-ion effects. Marloth has shown 
the toxicity of the bicarbonate ion to species of Penicillium (17). 
HYDROLYSIS 
The effect of hydrolysis on the inhibitor was tested by auto-
claving at 15 pounds pressure for 1 hour with .38 N-sulphuric 
acid, .65 N-sodium hydroxide and .38 N-hydrochloric acid. The 
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hydrolyzed solutions were neutralized before testing. The re-
sults in table 10 indicate that, with the exception of hydrochloric . 
acid, hydrolysis did not materially change the inhibitive effect of 
the filtrate. As before, the reduction with hydrochloric acid was 
peculiar to this acid and was attributed to a reaction between 
the acid and the inhibitor and not to hydrolysis. 
OXIDATION 
. The destruction of biological materials by oxidation is well 
known. The lethal principle formed by Trichode1'ma ligrwrum 
has been shown by Allen and Haenseler (1), and Weindling (25) 
to be destroyed by oxidation. On the other hand, the staling 
product of the species of Fusarium studied by Pratt (21) was 
found to withstand oxidation. The effect of oxidation on the in-
hibitor of Diplodia was tested, using 0.5 percent potassium per-
manganate in acid solution and 1 percent hydrogen peroxide. 
The acid solution was neutralized with calcium hydroxide, while 
excess hydrogen peroxide was eliminated by boiling for 1 hour. 
The results shown in table 11 indicated that the inhibitor re-
sisted the action of the two oxidizing agents. 
DISCUSSION 
The results of the various tests on staled media by Boyle, 
Brown, Pratt and others have led the authors to different con-
clusions as to the materials r esponsible. These tests have indi-
TABLE 9. THE GROWTH OF DIPLODIA ZEAE. AS MEASURED BY COLONY 
AREAS IN SQUARE INCHES WITH SUGAR REPLACEMENT AND 
CORRECTION OF HYDROGEN ION CONCENTRATION 
OF THE FILTRATE. 
Test No. Filtrate added to agar 
I 
Minimum I Maximum I Average I Tcst+ check 
I-S Sterile medium 1. 77 4 . 56 3 .02 100 
Filtrate 0.48 3 .94 1.44 48 
Filtrate + Dextrose 0.26 2 .20 1.01 33 
2-S Sterile mediwn 6 .30 10 .00 8 .82 100 
Filtrate 0 .73 1.61 1.22 14 
Filtrate + Dextrose 0 .28 3 . 10 1.50 17 
I-H Sterile medium 4 .64 6 . 80 5 .79 100 
Filtrate 0 .78 7 .08 1.45 25 
Sterile medium + HCI 2 .20 5 .64 4.43 100 
Filtrate + HCI 2 .34 3 .06 2 .76 64 
2-H Sterile medium 2.28 8 .91 5.57 100 
Filtrate 0.19 0.76 0.46 8 
Sterile medium + HCI 0.66 10.00 5 . 56 100 
Filtrate + HCI 0 .62 3 .89 2 . 10 38 
3-H Sterile medium 7 .66 10 .00 8 .64 100 
Filtrate 0 . 85 3 . 50 1.78 20 
Sterile medium + 
Lactic acid 4 .78 10 .00 6 .89 100 
Filtrate + Lactic a cid 0 .45 2 .23 1.50 21 
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TABLE 10. THE COLONY GROWTH OF DIPLODIA ZEAE, AS MEASURED IN 
SQUARE I NCHES AFTER HYDROLYSIS OF THE I NHIBITOR. 
Sterile media Filtrate 
Hydrolysing agent 
Test+ 
A verage area A verage area check 
Sulphuric acid 6.19 2.62 42 
Hydrochloric acid 6.16 4.51 73 
Sodium hydroxide 7 . 09 2 . 43 34 
TABLE 11. THE COLONY GROWTH OF DIPLODIA ZEAE, AS MEASURED IN 
SQUARE INCHES AFTER OXIDATION OF THE INHIBITOR. 
Filtrate I Filtrate (Untr.) Treatment Sterile media 
I avera.ge Test+ Test + Average check Average check 
KMnO. 5 . 10 1. 61 34 
I 
KMnO. 6 . 06 2.80 46 0.79 13 
H,O, 9.87 4.37 44 0.98 10 
H,O, 6 . 14 2 .34 38 1.03 16 
cated that the reduction was due to ammonia and carbon dioxide 
in certain cases (Brown 5, and Pratt 21), whereas McNew (16) 
found a relation between the development of the inhibition and 
the appearance of amino acids in the medium. The chemical 
properties of the Diplodia inhibitor investigated here were not 
such as to indicate a definite type of substance. Diagnostic tests 
for compounds thought to be responsible invariably introduced a 
masking toxic factor as judged by the growth of Diplodia zeae 
on uninoculated medium which had been similarly treated. The 
decision as to the chemical nature of the inhibitor will have to 
await the purification and analysis of the inhibitor. It must be 
remembered that there were no definite indications that even in 
the case of the filtrate there was only one substance responsible 
or that the complete inhibition was due to substances of a similar 
chemical nature. 
The strength of the inhibitor present in the filtrate has not 
been determined. It has been shown that the inhibition is 
strengthened by slight concentration, but growth does continue. 
Concentrated filtrate has not b~en tested, as the simultaneous in-
crease in osmotic values so complicated the " inhibition as to ren-
der the results of doubtful value. It would seem, however, that 
the actual amount of material " present would be exceedingly 
small. The only work in which the dilution of a restraining sub-
stance was " determined, as the substances are seldom obtained 
pure, was Weindling and Emerson's (26 ) on the nature of the 
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material produced by T1'ichoderma lignorttm which killed the 
mycelium of Rhizoctonia solani. These workers found that a 
maximum of 70 mg. of the toxin was produced in a liter of solu· 
tion. This would represent a dilution of about 1-15,000. The 
inhibitor in Diplodia solutions may be at least as dilute as the 
lethal principle of Trichoderma. 
The inhibitor is thought to be a complex substance, probably 
organic, produced in the autolysis of the mycelium or an endo-
cellular substance released during autolysis. This then is a 
typical inhibitor as differentiated from a staling product. The 
latter term, as first defined by Brown (5 ) comprised " . . . 
those metabolic products of the organism which are responsible 
for slowing down or stopping its growth, " and would include the 
inhibitor. However, as there appear to be two types of sub-
stances included within this broad terminology, it will probably 
lead to less confusion if staling products are confined to those 
cases in which the toxicity is produced by the reactions in the 
medium. As Pratt (20 ) stated, "Now this phenomenon has 
recently been considered to be independent of the reduction in 
the amount of nutrient present, but to be due to chemical changes 
in the medium' brought about by the metabolism of the fungus." 
Thus, staling products would include all toxic action caused by 
unequal absorption of ions from the substrate as well as derange-
ments caused by the reaction of by-products as carbon dioxide, 
ammonia, etc. , of the fungus growth with the medium. Inhibi-
tors, on the other hand, would refer to the type of material pro-
duced within the organism whether by anabolism, katabolism, 
autolysis or otherwise, which by its own action inhibited the 
growth of the same or different organisms. From the above 
work it would seem that in addition to the nature of the forma-
tion of the two substances, or perhaps because of it, the two 
types may be separated by the fact that the inhibitors appear 
to resist dilution, heating to 100 0 C., hydrogen-ion correction 
and are slow in appearing in normal culture media ; while stal-
ing products generally do not resist these factors, at least not 
all of them, and appear earlier in the growth of the organism 
producing them. 
'Italics inserted. 
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